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Abstract: In order to explore the impact of a manufacturer’s or retailer’s undertaking corporate social
responsibility (CSR) and different power structures on their joint green marketing decisions and
profits in the green supply chain, this paper establishes green supply chain optimization models
under six different decision-making scenarios according to two different CSR bearers and three
different power structures. Based on the main assumptions of a linear product demand function and
CSR measured by consumer surplus, this paper solves the equilibrium solutions of the manufacturer
and the retailer through game theory. The results show that: First, the difference in the degree of CSR
undertaken by manufacturers and retailers leads to a difference in the ranking of optimal strategies
of both parties under the three power structures. Second, under the same power structure, compared
with undertaking CSR by oneself, when the other party undertakes CSR, the level of the product’s
green degree, the level of green promotion, the party’s own profit, and the profit of the other party
are all higher. Third, regardless of the power structure, manufacturers and retailers undertaking
CSR is conducive to improving the level of product greenness, increasing green promotion, lowering
the retail price, increasing consumers’ willingness to buy green products, and ultimately helping to
increase the profits of manufacturers and retailers.

Keywords: green supply chain; power structure; corporate social responsibility; joint green marketing;
pricing decision

1. Introduction

With rapid economic development, the increasing scarcity of natural resources and
the further aggravation of environmental pollution have accelerated the transformation of
economic development mode transformation. Achieving green and sustainable develop-
ment has become a hot topic of concern for governments, enterprises, and scholars. The
advent of the green era poses new challenges to the management of enterprise production
and operation. The green supply chain management model, which fully considers resource
consumption and environmental impact based on the supply chain, has received wide
attention from all walks of life. Simultaneously, with the vigorous promotion of ecological
civilization construction and the continuous improvement of consumers’ environmental
awareness, green products are gradually becoming favored by the market, and their mar-
ket demand is gradually expanding. Implementing green supply chain management and
actively producing and selling green products have become important measures for supply
chain enterprises to occupy a favorable market position and obtain sustainable competitive
advantages, so it is of great practical significance to explore green supply chain member
enterprises’ green marketing decisions at this stage.

As consumers’ perception of green consumption grows stronger, more and more
manufactures in the supply chain are working together with retailers in order to attract
potential consumers. On the one hand, manufactures have taken steps to produce products
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with higher green degrees. For example, Best Buy, the world’s largest home appliance
retailer, saves energy and protects the environment by selling Energy Star, a product with
superior energy efficiency [1]. On the other hand, retailers implement green promotion to
attract consumers to purchase green products. For example, Walmart sets up special areas
in shopping malls to develop green lifestyle education promotion activities by cooperat-
ing with suppliers [1]. The above examples and numerous studies have confirmed that
cooperation between manufacturers and retailers in green marketing activities has become
an effective way of marketing. Therefore, it is of great practical significance to study the
supply chain members’ joint green marketing issues in the context of the green economy.

In the context of sustainable development, corporate social responsibility (CSR) is
closely linked to sustainable development. To achieve comprehensive sustainable develop-
ment, supply chain members need to take corresponding CSR while pursuing economic
benefits. CSR refers to enterprises’ responsibility to the environment and their stakeholders;
therefore, in addition to considering their own profits and operating conditions, enterprises
must also consider the impact of their operations on the natural environment and society.
Generally speaking, corporate social responsibility mainly includes environmental respon-
sibility and social (welfare) responsibility. In the green supply chain, since manufacturers
and retailers jointly carrying out green marketing activities have already taken correspond-
ing environmental responsibilities, the corporate social responsibility referred to by green
supply chain companies refers to the behavior of companies paying attention to stakehold-
ers such as consumers. For example, Tesco, as a large retailer, has established a production
quality management system to ensure food safety and improved various systems to protect
consumers’ rights [2]. With the enhancement of consumers’ social consciousness, more and
more consumers are more inclined to choose companies that actively undertake corporate
social responsibilities, and CSR characteristics are becoming a critical antecedent factor
for companies to gain consumer recognition. However, an enterprise is an organization
whose goal is to maximize profit; when it undertakes corporate social responsibility in the
supply chain, it comprehensively considers the cost of responsibility and corporate profits.
Therefore, the corporate social responsibility of supply chain members affects the game
among members and further affects their decision-making.

In real life, there are different channel powers among members of the green supply
chain. The more powerful party often occupies a dominant position in the supply chain,
and it has a more significant advantage in the decision-making process and can dominate
the direction of the supply chain. Generally speaking, there are three different power
structures in the supply chain: manufacturer-led, retailer-led, and co-led by both parties.
The channel power structure also affects the game among supply chain members and
further affects the corresponding decision-making. Therefore, in the case of complex
and diverse power structures, it is of great practical significance to explore the impact
of corporate social responsibility on the joint green marketing strategies of green supply
chain enterprises.

Based on the above background, this paper takes the green supply chain as the research
object, and studies the joint green marketing decision problem of the manufacturer and
retailer considering different power structures and both parties” awareness of corporate
social responsibility by using the Stackelberg game method. We were mainly committed to
solving the following problems:

(1) How do different power structures affect the optimal pricing strategy, green marketing
strategy, and profits of both parties when a manufacturer or retailer takes on corporate
social responsibility?

(2) What is the impact of different power structures on the two parties” optimal pricing
strategies, green marketing strategies, and profits with the same corporate social
responsibility bearer?

(3) What is the impact of different corporate social responsibility bearers on the two
parties” optimal pricing strategies, green marketing strategies, and profits with the
same power structure?
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The main contributions of this paper are as follows:

First, this paper integrated CSR and power structures to discuss manufacturers” and
retailers’ joint green marketing decisions. Second, as upstream manufacturers and down-
stream retailers start from undertaking CSR and carrying out joint green marketing, from
each other’s leading to self-leading, and then to co-leading, the decision points of both par-
ties begin to change from indefinite to restrictive. This is the process of entropy reduction.
Finally, this paper adopted game theory, which was used as a system analysis method, an
approach used to explore the process of interaction of interests between different objects
in a system based on specific rules. This interaction process must be accompanied by an
increase in entropy of one party and a decrease in entropy of the other party. In conclusion,
this paper thoroughly and comprehensively explores the impact of different members’
CSR awareness and power structures from the perspective of entropy, which can provide
theoretical support for cooperative green marketing of green supply chain members from
relevant perspectives.

This paper is organized as follows. Section 2 is the literature review. Section 3 provides
problem description and assumptions. The optimal decisions under six decision scenarios
are presented in Section 4. Section 5 is comparison and analysis section, which summarizes
some research conclusions by comparing the equilibrium solutions obtained from Section 4.
Section 6 gives some numerical examples to test and verify the findings. Conclusions and
limitations of the study are summed up in Section 7.

2. Literature Review

This section mainly sorts out three types of literature related to supply chain operation
decision issues in terms of research content. The first type is about operation decision
issues for the green supply chain. The second type is about supply chain operation decision
issues considering CSR. The third type is about supply chain operation decision issues
considering power structure.

At present, the operational decision-making issues of the green supply chain have
been deeply studied [3,4]. In terms of pricing decisions, Zhang et al. [5] explored green
supply chain optimal pricing decisions considering fairness concerns under government
subsidies. Chen et al. [6] and Zhu and He [7] studied the pricing problem of green
products in the presence of competing manufacturers and retailers, respectively. Sang [8]
and Yang and Xiao [9] investigated the problem of optimal pricing strategies for green
products in green supply chains under fuzzy market demand. Li et al. [10] studied the
impact of product pricing decisions in a secondary green supply chain consisting of a
fairneutral manufacturer and a retailer with fairness concerns. In terms of green supply
chain coordination studies, Swami and Shah [11] coordinated two levels of green supply
chains by means of two pricing contracts, while Hong and Guo [12] used burden-sharing
contracts and Song and Gao [13] used revenue-sharing contracts to coordinate the green
supply chain system and pointed out that the profits of both manufacturers and retailers
could be improved under these two contracts, respectively.

With the increasing social awareness of consumers, enterprises have to actively de-
velop and implement CSR for their supply chain systems to win sustainable competitive
advantages [14]. Moreover, the production and operation of enterprises cannot only aim at
their own profit but also need to take the responsibility of contributing to the environment,
consumers, and society. There are currently scholars in various areas who are introducing
CSR into supply chain management and decision-making issues. In terms of supply chain
coordination, Ni and Li [15] considered that CSR, in sequential and simultaneous decision-
making by supply chain node firms to undertake CSR scenarios, could lead to a win-win
situation for node firms with a mutual incentive mechanism. Panda [16] established a two-
level supply chain consisting of a manufacturer and a retailer and found that supply chain
coordination can be achieved by considering CSR only by suppliers, quantity discount con-
tracts, revenue sharing contracts, and wholesale price discount contracts. Modak et al. [17]
analyzed the pricing strategies of a manufacturer with CSR and two competing retailers
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and used a two-part pricing contract to coordinate the supply chain system. Then, Panda
and Modak [18] used consumer surplus as a CSR measure to allow members of the supply
chain to bear a portion of CSR to achieve channel coordination. Raza [19] discussed the
use of revenue sharing contracts to coordinate the supply chain and achieve a win-win
situation among channel members when manufacturers bear CSR. In terms of supply chain
decision making, Song et al. [20] studied the problem of considering CSR in a supply chain
consisting of one supplier and two retailers to analyze the effect of uniform and differential
pricing on the equilibrium solution. Wang et al. [21] incorporated both competition among
retailers and CSR investment efficiency of supply chain members into the decision model
and found that only through CSR cooperation among member firms could they achieve
greater market share and higher system profits.

Different power structures among supply chain member firms abound in real life.
For example, in the home appliance manufacturing industry, there are both manufacturer-
dominated power structures, such as Lenovo and Haier, and retailer-dominated power
structures, such as Suning and Gome [22], as well as power structures where both parties
are under equal statuses, such as Haier and Gome. Different power structures produce
different decision-making behaviors; in a master—slave game, the dominant leader makes
the decision first, followed by the follower, while in a Nash equilibrium game, both sides
of the game are on equal footing and make decisions simultaneously. In general, the
company with greater channel power in the supply chain can become the leader and
then make favorable strategic decisions through the first-mover advantage it holds [23].
Ma et al. [24] found that there is indeed a difference between the level of advertising
input of retailers and the level of quality input of manufacturers under different power
structures. Gang et al. [25] and Maiti and Giri [26] have discussed the impact of channel
power structure on product quality, etc., in supply chain studies,

The above research only considers the green supply chain, power structures, and CSR
separately. Recently, some scholars have started to combined CSR with different power
structures. Ni et al. [27] explored the CSR allocation in supply chains under different
power structures and found that regardless of the channel power structure, a reasonable
CSR allocation can continuously improve the system’s overall benefits. Yang et al. [28]
found that based on suppliers’ social responsibility aspects considering commodity safety
under different power structures, the introduction of shared ex post contracts and cost-
sharing ex ante contracts could enable manufacturers and retailers to fulfill their CSR better.
Fan et al. [23] studied the issue of firms’ undertaking CSR on product quality decisions
and their corresponding profitability under different power structures.

There also have been some recent studies exploring CSR in the green supply chain.
Biswas et al. [29] found that in a combination of four channel members performing green
manufacturing and implementing CSR scenarios, retailers alone performing CSR was most
beneficial to the overall supply chain performance. Furthermore, in terms of government
subsidy efficiency, Li et al. [30] and Liu et al. [31] introduced government subsidies while
considering corporate social responsibility and studied the impact of government subsidies
on CSR and supply chain performance. Sang and Zhang [32] explored the impact of
retailers’ corporate social responsibility on the decision-making of green supply chain
members. Some empirical analyses have shown that socially responsible firms have more
competitive advantages than firms that only consider economic profits [33].

Although the studies mentioned above have studied CSR of supply chain members
from different perspectives, most of them only considered CSR of suppliers or retailers
individually, and few studies have compared the impact difference of CSR of both parties.
Besides, most of the studies take the traditional supply chain as the research object, and
there are few studies involving CSR undertaken by green supply chain members. Further-
more, some of the studies considering CSR undertaken by green supply chain members
only involved the green production of manufacturers and did not consider the green pro-
motion of retailers, while in real life, joint green marketing activities of manufacturers and
retailers have become a widespread and effective marketing method, so the research needs
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to be supplemented and improved. In Table 1, we have summarized some literatures that
have strong relevance to this paper to further reveal the innovations and contributions of
this paper.

Table 1. Some literature most relevant to this paper.

. Power oint Green
Author Green Supply Chain Structures CSR JMarke ting
Ghosh and Shah [34] v v
Hong and Guo [12] v v
Sang and Zhang [32]. v v
Zhang et al. [5] v
Zhou et al. [35] v v
This paper v v v v

In summary, compared with the existing literature, the innovation of this paper is that,
unlike previous studies that only considered the manufacturer’s unilateral green produc-
tion decision, this paper introduced the socially responsible behavior of manufacturers and
retailers into the study of joint green marketing decisions of green supply chain members
in order to be closer to the actual situation, and explored the joint effect of different power
structures and different socially responsible subjects on the green supply chain. The paper
also explored the impact of the joint action of different power structures and different social
responsibility holders on the manufacturer’s optimal product greenness and wholesale
price decisions, the retailer’s optimal green marketing input and retail price decisions, the
profit of both parties, and the overall profit of the supply chain.

3. Problem Description and Assumptions

To simplify the model and focus the study, we only considered a two-tier green
supply chain with one manufacturer and one retailer. The manufacturer was responsible
for developing and producing a green product to reduce the environmental pollution
of the product. At the same time, the retailer sold green products through a series of
green marketing initiatives, i.e., the manufacturer and retailer engaged in joint green
marketing activities.

To better promote the subsequent study, we first proposed some assumptions as follows:

Assumption 1. To further simplify the model without affecting the findings of the study, the fixed
production cost of the manufacturer to produce a unit of a green product is neglected, but to improve
the level of greenness of the product, the manufacturer still needs to invest in green R&D costs
to improve the technology. Referring to Ghosh and Shah [33], let the manufacturer’s green R&D
input cost be Cy = %zgz, where z > 0 is the green R&D cost coefficient, and g denotes the
product’s greenness.

Assumption 2. Consumers’ consumption awareness significantly affects the market demand for
green products. If consumers’ green consumption awareness is weak, they will not be willing to
pay a higher price than normal products for green products; then green products will be replaced by
other normal products, and the research and development toward producing green products will
be meaningless. Therefore, compared with that of the manufacturers in the green supply chain, the
green promotion of retailers has irreplaceable significance in the sales of green products. In order to
raise consumers’ awareness of green consumption and attract them to buy green products, retailers
must invest in green marketing. Referring to Ghosh and Shah [34], let the green marketing input
cost of retailers for green products be C, = %bv2 , where b > 0 1is the green promotion input cost
coefficient, and v denotes the level of green promotion input of retailers.

Assumption 3. The market demand for green products is influenced by the retail price, greenness
level, and green marketing level, and consumers prefer to buy products with low price, high
greenness, and high green marketing level. Assuming that the market demand function of products
is a linear function, the market demand function can be obtained as q = a — p + k1§ + kpv , where
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a > 0 denotes the potential market size of green products; p denotes the retail price of products;
ki > 0 denotes the sensitivity coefficient of consumers to the greenness level of products; and
ky > 0 denotes the sensitivity coefficient of consumers to the green marketing input level.

Therefore, the profits of the manufacturer and the retailer at this point could be
expressed as:

1 1
nm:wq—Cd:w(a—p+k1g+k20)—§zg2nr: (p—w)g—C, = (p—w)(a—p+k1g—|—kzv)—Ebv2

At this time, in order to ensure the concavity of the objective functions of the manu-
facturer and the retailer so that the research has practical significance, it was necessary to
satisfy k%b + k%z < bz; that is, limited to their respective green investment costs constraints,
the manufacturer and retailer could not increase the market demand for green products by
endlessly improving the level of the product’s green degree and green promotion. What
needs special explanation is that the comparison and analysis section below were also
conducted under this precondition.

Assumption 4. Drawing on Panda [15], when the manufacturer and the retailer have an
awareness of social responsibility, their level of social responsibility (CSR) awareness is defined
as the degree of concern for consumer surplus. According to the definition of consumer sur-
plus, that it represents the difference between the actual price and the price that consumers
are willing to pay when purchasing green products, the consumer surplus can be expressed as
CS = f;j;x gdp = fpp;‘zx (a—p+kig+ko)dp = 3(a—p+kig+kov)®.  The degree of
concern of both parties for consumer surplus is indicated by ¢ , where the larger the value of ¢ , the
higher the degree of CSR undertaken by both parties, the stronger the sense of social responsibility,
and conversely, the lower the value of, the weaker the sense of social responsibility.

The major symbols involved in this paper are summarized in Table 2.

Table 2. Definition of major symbols.

Decision Variables Definition
g}‘ Product greenness, j = 1,2,3, u = *, *x
ZJ}‘ Product green promotion, j = 1,2,3, u = *, *x
w]?’ Wholesale price, j = 1,2,3, u = *, *x
p]” Retail price, j = 1,2,3, u = *, *x
Parameters Definition
a Potential market demand for green products, a > 0
kq Sensitivity coefficient of consumers to the product’s green degree, k; > 0
ko Sensitivity coefficient of consumers to the product’s green promotion, k, > 0
) The intensity of the manufacturer’s or retailer’s awareness of CSR, 0 < ¢ < 1
nllj Profit for each decision maker, i = m,r,sc,j =1,2,3, u = *, x*
% Utility of each decision maker, s = m, 7, u = *, %x
z Green R&D cost coefficient, z > 0
b Green promotion cost coefficient, b > 0

Note: superscript * indicates the case in which retailers take CSR and ** indicates the case in which manufacturers take CSR; subscript m, r,
and sc indicate that the decision makers are the manufacturer, the retailer, and the whole green supply chain, respectively; numbers 1, 2,
and 3 indicate the game models under three different power structures: 1 represents the manufacturer-led decision scenario, 2 indicates the
retailer-led decision scenario, and 3 is the Nash equilibrium decision scenario.
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*

a%bz

4. Model Construction and Solution
4.1. Decision Scenario with the Retailer Taking CSR

First of all, in the case of CSR undertaken by the retailer, it focuses simultaneously on
its own profit and consumer surplus, i.e., makes decisions with the goal of maximizing
its own utility. At this time, the manufacturer does not have CSR awareness, and it still
makes decisions with the goal of maximizing its own profit. We solve the equilibrium
strategy in the manufacturer-led decision scenario, retailer-led decision scenario, and Nash
equilibrium decision scenario in turn. At this point, the utility functions of the manufacturer
and the retailer are as follows:

1
Vin =mm =w(a—p+kig+kwo)— Ezg2 1)
1
Vi=m+¢CS = (p—w)(a—p+kig+kwv)— Ebvz+§(a—p+k1g+kzv)2 )

4.1.1. Manufacturer-Led Decision Scenario

In a manufacturer-driven market, the manufacturer first determines the product’s
green degree ¢ and wholesale price w. The retailer then determines the retail price p and
the green promotion v. The optimal equilibrium strategy, in this case, is obtained by using
the inverse induction method, as shown in Proposition 1.

Proposition 1. The optimal product green degree and wholesale price set by the manufacturer are
as follows:

_ abk; W — az(2b — b — k3)

T 2b2(2—¢) — (Kb +2k3z) 1 2b2(2 — @) — (Kb + 2k3z)

81
The optimal product retail price and level of green promotion set by the retailer are as follows:

az(3b — 2bg — k3) o = akoz
1 2bz(2— ) — (k2b + 2k3z)

*

1= 2bz(2 — ) — (K3b + 2k3z)’

p

The optimal profits of the manufacturer, the retailer and the whole supply chain are as follows:

a*bz?(2b — by — k3)

*

. a*bz[3bz(2 — ) — (bk} + 3k3z)]

7T = ,7-[ — 7
M Abz(2— @) —2(kb+2K32)" T 22bz(2 — @) — (K2b + 2K22)]°

U 2bz(2 — @) — (Kb +2K32)]

4.1.2. Retailer-Led Decision Scenario

In a retailer-driven market, the retailer first determines the retail price p and the
green marketing input v of the green product, and then the manufacturer determines the
greenness level ¢ and the wholesale price w of the product on this basis. To facilitate
the solution, let p = w + x and x be the retailer’s markup, and bring p = w + x into
Equation (1) and solve it by reverse induction to obtain each optimal equilibrium strategy
in this case, as shown in Proposition 2.

Proposition 2. The optimal product retail price and level of green promotion set by the retailer are
as follows:

ab(3z — k% — ¢z) . akyz

P2 hza— ) — 20 +132)" > bz(d— ¢) — (22D + K3z)

The optimal product green degree and wholesale price set by the manufacturer are as follows:

abk, ot — abz
bz(4— @) — (2K3b+Kz) > bz(4— @) — (2k3b + K3z)

g =
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The optimal profits of the manufacturer, the retailer and the whole supply chain are as follows:

*
my

a*b?z(2z — k2) . a%bz . a*bz[bz(6 — @) — (3bk3 + k3z)]

. = ST = ST, =
2bz(4— @) — (226 +K22)]7 7 20bz(4— @) — (kD +E52)]" T 2(bz(4 — @) — (230 +K22)]

4.1.3. Nash Equilibrium Decision Scenario

In a market where neither the retailer nor the manufacturer is the leader, the man-
ufacturer and retailer make decisions simultaneously, with the retailer determining the
retail price of the product p and the green marketing input v and the manufacturer de-
termining the level of greenness of the product g and the wholesale price w, as shown in
Proposition 3.

Proposition 3. The optimal product retail price and level of green promotion set by the retailer are
as follows:

abz(2 — ¢) akoz
bz(3 — @) — (k3b + k3z) bz(3 — @) — (k3b + k3z)

The optimal product green degree and wholesale price set by the manufacturer are as follows:

*
/03:

p; =

abky abz

&= bz(3 — ¢) — (k3b + k%z)’w3 T bz(3 - @) — (k3b + k3z)

The optimal profits of the manufacturer, the retailer and the whole supply chain are as follows:

. a’bz[bz(4 — @) — (bk% + k%z)]
2bz(3 — @) — (K2 + K2z))’

*

a*b?z(2z — k3) a*bz*(2b — by — k3)
Tty = 27773 T 2
Ab23—9) — (@b + B 2[ba(3— g) — (b +K22)]

*

SC3

4.2. Decision Scenario with the Manufacturer Taking CSR

Similarly, when the manufacturer takes CSR, it pays attention to consumer surplus
while paying attention to its own profit, i.e., it makes decisions with the goal of maximizing
its own utility. In this case, the retailer does not have a sense of CSR, and it still makes
decisions with the goal of maximizing its own profit. We also solve the equilibrium
strategies under the manufacturer-led decision scenario, retailer-led decision scenario, and
Nash equilibrium decision scenario, successively. At this point, the utility functions of the
manufacturer and the retailer are as follows:

9

1
Vin = 7ty + 9CS = w(a — p + k19 + ko) — Ezgz—k E(a - p+k1g+kzv)2 3)

1
V,:m:(p—w)(a—p+k1g+kzv)—§bvz (4)

4.2.1. Manufacturer-Led Decision Scenario

In a manufacturer-driven market, the manufacturer first determines the greenness
level g and wholesale price w of the green product, and then the retailer decides the retail
price p of the product and the green marketing input v on this basis. Using the inverse
induction method, each equilibrium result can be obtained, as shown in Proposition 4.

Proposition 4. The optimal product green degree and wholesale price set by the manufacturer are
as follows:

x abk, s az(2b — by — k%)
81 =

, W
bz(4 — @) — (k3b+ 2k3z) ! bz(4— @) — (k2b + 2k3z)
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The optimal product retail price and level of green promotion set by the retailer are as follows:

s az(3b — b — k3) s akoz
P = 2 291 = 2 2
bz(4 — @) — (kb + 2k3z) bz(4 — @) — (kib + 2k5z)

The optimal profits of the manufacturer, the retailer and the whole supply chain are as follows:

o a’bz o a’bz?(2b — k3) _ a?bz[bz(6 — @) — (bk3 + 3k3z)]

- /7-[ - 7
" 2bz(4— @) —2(kjb+2Kk32)" T obz(4— @) — (b +2K32)]° T 2[bz(4— @) — (Kb +2k32))

*k

4.2.2. Retailer-Led Decision Scenario

In a retailer-driven market, the retailer first determines the retail price of the product
p and the green marketing input v. The manufacturer then determines the greenness of the
product g and the wholesale price w on this basis. For ease of solution, let p = w 4 x and x
be the retailer’s markup, and bring p = w + x into Equation (1) to obtain the manufacturer’s
utility function as:

1
Vm:w(a—w—x+k1g+kzv)—Ezg2+§(a—w—x+k1g+kzv)2

Using the reverse induction method, the optimal equilibrium strategies in this case
can be obtained, as shown in Proposition 5.

Proposition 5. The optimal product retail price and level of green promotion set by the retailer are
as follows:
s ab(3z — k3 — 2¢z) s akyz
P2 = 2 7y 02 = 2 2
2bz(2 — ¢) — (2k{b + k3z) 2bz(2 — ¢) — (2k{b + k3z)

The optimal product green degree and wholesale price set by the manufacturer are as follows:

sk ﬂbk1 W = leZ(l — (P)
82 = 222 9) — (Kb +K2) "2 T 2b2(2— ¢) — (22D + K3z)

The optimal profits of the manufacturer, the retailer and the whole supply chain are as follows:

a*b?z(2z — k3 — z¢) B

. a%bz . a%bz[3bz(2 — @) — (3bk2 + K3z)]
202b2(2 — @) — (2K2b +K22)]7 7 2[202(2— @) — (kb +K32)] T 212bz(2 — 9) — (2K2b + K32)]

ok wk *k

my

4.2.3. Nash Equilibrium Decision Scenario

In a market where neither the retailer nor the manufacturer is the leader, the man-
ufacturer and retailer make decisions simultaneously, with the retailer determining the
retail price of the product p and the green marketing input v and the manufacturer de-
termining the level of greenness of the product ¢ and the wholesale price w, as shown in
Proposition 6.

Proposition 6. The optimal product retail price and level of green promotion set by the retailer are
as follows:

*% leZ(z B 4’) U** _ ﬂkzZ
P T h(3—g) - (Bb+Kz) >~ bz(3— ) — (b +K2z)
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a*b’z(2z — k2 — z¢)

The optimal product green degree and wholesale price set by the manufacturer are as follows:

abky e abz(1— ¢)

8 T hz3—g) - (Cb+K2) "> T bz2(3— ¢) — (b + K2)

The optimal profits of the manufacturer, the retailer and the whole supply chain are as follows:

o a*bz?(2b — k3)  a?bz[bz(4 — @) — (bk} + K3z)]

msg

2023 — @) — (Kb +K2)]

sC3

P a3 g) - (Rb+ B T 2002(3 - ¢) — (Bb+ K32))

5. Comparison and Analysis

Since there are many decision scenarios involved, in order to show more clearly and
comprehensively the effects of different CSR bearers and different power structures on each
equilibrium strategies of the manufacturer and retailer, this section first explores the effects
of different power structures on each equilibrium solution under two decision scenarios,
namely, CSR taken by the retailer and CSR taken by the manufacturer, and then explores
the effects of different CSR bearers on each equilibrium solution under three decision
scenarios, namely, manufacturer-led, retailer-led, and Nash equilibrium.

5.1. Analysis of the Impact of Different Power Structures on the Equilibrium Results in Terms of
the Same CSR Bearer

5.1.1. CSR Taken by the Retailer

9g; owy 9] ar, ;’j 9 7'[*], an;;j op;
Corollary 1. 3 >0’W>O’W>O’W>O’W>O’W>O’W<O

(j=1,2,3).

Corollary 1 shows that no matter under which kind of power structure, the product
green degree, the wholesale price, the green promotion investment, the manufacturer’s
profit, the retailer’s profit, and the whole supply chain’s profit are all positively related
to the intensity of the retailer’s awareness of CSR. In contrast, the product’s retail price is
negatively related to ¢. This indicates that the stronger the retailer’s awareness of CSR, the
higher the product green degree, wholesale price, manufacturer’s profit, retailer’s profit,
and total profit of the supply chain are, while the retail price is lower. This is because when
the retailer has a sense of CSR, it chooses to reduce retail price and increase investment in
green promotion out of special attention to consumer surplus. At the same time, affected by
the retailer’s awareness of CSR, the manufacturer chooses to increase the product’s green
degree and further increase the wholesale price to maintain its own profit. In addition, the
above phenomenon also shows that regardless of the power structure, it is beneficial for
all members of the supply chain and the entire supply chain when retailers take CSR. The
proofs are shown in Appendix A.

Corollary 2. When 0 < ¢ < b wi > wi > w;, p5 > py > pi; when bR <gp<1
=" W =W 2/ P2 1 = P3 b ’
w3 > Wi > wy, p3 > p3 > Pi-

Corollary 2 shows that the wholesale price is lowest and the retail price is highest
when the retailer dominates the supply chain compared to the other two power structures.
This is because when the retailer dominates the supply chain, it has more substantial bar-
gaining power, and in order to obtain as much marginal revenue as possible, it controls the
wholesale price to the lowest level possible and adjusts the retail price to the highest level
possible. However, as the retailer’s awareness of CSR gradually increases, the wholesale
price increases more rapidly when both parties” power levels are equal than in the other two
power structures, and the retail price decreases more rapidly under the manufacturer-led
scenario than under the Nash equilibrium scenario. Because the retail price is negatively
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correlated with the retailer’s CSR awareness intensity, the retail price reaches the lowest
level under the manufacturer-led scenario after a certain CSR level is reached. The proofs
are shown in Appendix B.

12
Corollary 3. When b bkz <o<1,8 >g >g, 0 >0 > v when k3b > k3z and

2b K2z > KBb—k2z b—k2
0< @< 2,85 >¢85>gr, 05 >0 >0 whenk3b > k3zand 52 < ¢ < =52,

83 > 81 >32/U3>01>772

Corollary 3 shows that the relationship of the product green degree and green promo-
tion among the three power structures is significantly influenced by the intensity of CSR

taken by the retailer. When 0 < ¢
input are always the highest under the Nash equilibrium scenario. This indicates that
when both parties’ power levels are equal, the competition between the manufacturer and
the retailer intensifies, prompting the manufacturer to improve the level of product green
degree and the retailer to improve the level of green promotion input. As the retailer’s
awareness of CSR gradually increases, the product green degree and green promotion
input grow the fastest under the manufacturer-led scenario and eventually exceed those
under the Nash equilibrium scenario.

Corollary 4. 7, > Ty, > Ty, when 0 < ¢ <k

7Ty >7'c,127'c

7'1/

Corollary 4 shows that the manufacturer’s profit is the largest when the manufacturer
dominates the supply chain and the smallest when the retailer dominates the supply chain.
It is easy to understand that this is because the manufacturer has the greatest power when
it dominates the supply chain to obtain higher profit for itself through a series of measures.
In contrast, when the retailer dominates the supply chain, the retailer has the greatest
power, so the manufacturer’s profit is inevitably squeezed. Similarly, the retailer’s profit
is highest when it dominates the supply chain and grows fastest when the manufacturer
dominates the supply chain as the retailer’s awareness of CSR gradually increases. This
is because the product green degree grows faster for consumers when the manufacturer
dominates the supply chain, while the retail price is lower in that case, thus attracting more
consumers to purchase green products and ultimately leading to a higher level of profit for
the retailer.

5.1.2. CSR Taken by the Manufacturer

ag* v’ o7ty o7y, 87r;‘c op* ow*
] A 1 A L
a(p>0’8(p>0 a¢>0fa¢>0 8g0>0’8(p<0’3(p<0’

Corollary 5.
(j=1,23).

Corollary 5 shows that no matter under which kind of power structure, the product
green degree, the green promotion investment, the manufacturer’s profit, the retailer’s
profit, and the whole supply chain’s profit are all positively related to the intensity of the
manufacturer’s awareness of CSR, while both the retail price and the wholesale price are
negatively related to ¢. This suggests that the stronger the manufacturer’s awareness of
CSR, the higher the product green degree, the manufacturer’s profit, the retailer’s profit,
and the total profit of the supply chain are, and the lower the retail price and wholesale
price are. This is because when the manufacturer has a sense of CSR, as in the case when the
retailer has a sense of CSR, it chooses to reduce the wholesale price and improve the product
green degree out of special attention to consumer surplus. At the same time, affected by the
manufacturer’s awareness of CSR, the retailer chooses to increase investment in product
green promotion and further reduce the retail price. In addition, the above phenomenon
also shows that regardless of the power structure, it is beneficial for all members of the
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supply chain and the entire supply chain when manufacturers take CSR. The proofs are
shown in Appendix C.

Corollary 6. The optimal wholesale price under the three power structures satisfies: wi* > w3* > w3™.

Corollary 6 shows that the product wholesale price is the highest when the manufac-
turer dominates the supply chain, the second-highest when both parties jointly dominate
the supply chain, and the lowest when the retailer dominates the supply chain. This
is because when the manufacturer dominates the supply chain, it has more substantial
bargaining power and can control the whole supply chain, so it tries its best to obtain a
higher marginal revenue by setting the wholesale price to a higher level.

Corollary 7. When i <@<1,8%>g3" > g1, v3F > 03" >0, pit > p3t > pst, when
2

z—kj
z

Kz <kKband0 < ¢ <

/83 > 8" > &1, vy >0yt > 01, pit > pyt > pyt when

k%Z_k%b o o *k *k sk $k Kok *k *%,
bz '§3 > g1 > g5, v3" >0 > 03, pyt > pyt > py” when

K3z > k3band 0 < ¢ <

k%bfk%z

2 ) z—k
k5z > kiband =2 < ¢ <~

z

85 > g > 0 20l > >

Corollary 7 shows that the relationship among the product green degree, the green
promotion input, and retail price under the three power structures is significantly influ-

enced by the intensity of CSR taken by the manufacturer. When 0 < ¢ < i, the product
green degree and the green promotion input are both always the highest under the Nash
equilibrium scenario, while the retail price is always the lowest. This indicates that as in
the case when the retailer has a sense of CSR, the situation where both parties dominate
the supply chain intensifies the competition between the manufacturer and the retailer,
prompting the manufacturer to increase the level of the product green degree and the
retailer to increase its green promotion investment. From the consumer’s perspective, the
situation where both parties dominate the supply chain is the best compared with the other
two power structures, because the retail price of the product is the lowest while the product
green degree is the highest. However, as the manufacturer’s awareness of CSR gradually
increases, the case where the retailer dominates the supply chain has the fastest growth
rate in product green degree and green promotion investment, but the fastest decrease rate
in the retail price, eventually exceeding the case when both parties jointly dominate the
supply chain.

Z*k% T > T > T - when Z*k%
z 7m ms mz’w z

Corollary 8. When 0 < ¢ <
Tty > Ty > T

<ep<l1,mrk >7rj;1*2 > ks

my mg’

Corollary 8 shows that the manufacturer’s profit is the highest when it dominates
the supply chain and grows the fastest when the retailer dominates the supply chain as
the manufacturer’s awareness of CSR gradually increases. This is because the product
demand function is negatively related to the retail price and positively related to the
green degree and green promotion investment. Under the retailer-led scenario, when the
potential market demand a is specific, the retail price of the product is the lowest, so the
market demand is the highest, which is conducive to the manufacturer expanding sales
and increasing its profit.

Similarly, when the manufacturer takes CSR, the retailer’s profit is the highest when
the retailer dominates the supply chain, the second-highest when the retailer and the
manufacturer jointly dominate the supply chain, and the lowest when the manufacturer
dominates the supply chain. This is because when the retailer dominates the supply chain,
its bargaining power is the largest in the whole supply chain, so it can increase its profit as
much as possible in many ways. When both parties jointly dominate the supply chain, the
power levels of both parties are equivalent, while when the manufacturer dominates the
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supply chain, the retailer has the least power, so the retailer’s profit is squeezed, resulting
in a lower level of profit.

5.2. Analysis of the Impact of Different CSR Bearers on the Equilibrium Results in Terms of the
Same Power Structure

Corollary 9. When the manufacturer dominates the supply chain, there exists: (1) g7 > &7*;
(2) wi > wi*; (3) p7 < pi™; (D v} > 01" (5) 70y, > 705 (6) 7Ty, > T

Corollary 9 shows that when the manufacturer dominates the supply chain, the
product green degree, the wholesale price, green promotion investment, the manufacturer’s
profit, and the retailer’s profit are all higher when the retailer takes CSR compared to the
case where the manufacturer takes CSR itself, while the retail price is lower. In addition,
this also shows that when the manufacturer is the leader of the supply chain, it should
actively encourage the retailer to take CSR rather than taking CSR itself, because this is not
only beneficial to itself, but also beneficial to the retailer.

Corollary 10. When the retailer dominates the supply chain, there exists: (1) g5 < &5%;
(2) wy > w3*; (3) py, > prys (B v5 < v3*;(5) 1Ty, < 1055, (6) 7T, < T

Corollary 10 shows that when the retailer dominates the supply chain, the product
green degree, the green promotion investment, the manufacturer’s profit, and the retailer’s
profit are lower, while the wholesale price and retail price are higher when it takes CSR
compared to the case where the manufacturer takes CSR. The above phenomenon shows
that when the retailer is the leader of the supply chain, it should actively encourage the
manufacturer to take CSR rather than taking CSR itself, because this is not only beneficial
to itself, but also beneficial to the manufacturer.

Corollary 11. When both parties jointly dominate the supply chain, there exists: (1) w3 > w3,

S5 85 Py = P03 = 037 () mhy > T T < e, = Mg

Corollary 11 (1) shows that when the retailer and the manufacturer jointly dominate
the supply chain, the wholesale price of the product is higher when the retailer takes
CSR compared to the case where the manufacturer takes CSR. This is because when the
retailer takes CSR and the manufacturer does not take CSR, the manufacturer does not
have to consider consumer surplus, so it further increases its marginal revenue by raising
the wholesale price. The product green degree, the retail price, and the green promotion
investment are equal whether the manufacturer or the retailer takes CSR.

Corollary 11 (2) shows that when the retailer and the manufacturer jointly dominate
the market, the manufacturer’s profit is larger, but the retailer’s profit is smaller, when the
retailer takes CSR compared to the case where the manufacturer takes CSR, while the total
profit of the supply chain is equal. The above phenomenon shows that in the green supply
chain, when the power of manufacturers and retailers is equal, for the sake of their own profits,
both manufacturers and retailers should encourage the other party to take CSR, but from the
perspective of the overall profit of the supply chain, which party takes CSR is irrelevant.

6. Numerical Analysis

In this section, considering the complexity of the equilibrium solution, in order to
clearly demonstrate the effects of different power structures and the different degrees of
CSR assumed by manufacturers and retailers on each equilibrium outcome and to gain
some valuable management insights, we used numerical simulation analysis to verify the
conclusions obtained in the previous section. The relevant parameters were set to a = 200,
b =20,z=20,k; =1, and ky = 1 by referring to the relevant literature and combining it
with the assumptions in the previous section of this paper:
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(1) The impact of the intensity of retailer’s awareness of CSR ¢ on equilibrium results
under different power structures.

(2) The impact of the intensity of manufacturer’s awareness of CSR on equilibrium results
under different power structures.

(3) The impact of the intensity of retailer’s and manufacturer’s awareness of CSR ¢ on
equilibrium results when the manufacturer dominates the supply chain.

(4) The impact of the intensity of retailer’s and manufacturer’s awareness of CSR ¢ on
equilibrium results when the retailer dominates the supply chain.

From Figure 1a—f, it can be seen that regardless of the power structure, the product
green degree, the wholesale price, the green promotion input, the manufacturer’s profit,
and the retailer’s profit all increase as the retailer’s awareness of CSR gradually increases,
while the retail price decreases. This further validates the conclusions of Corollary 1. In
addition, we can clearly see from Figure 1a,d that with the continuous enhancement of the
retailer’s awareness of CSR, the relationship of product green degree under the three power
structures gradually changes from g3 > ¢7 > ¢ to g7 > g3 > g3, and the relationship of
green promotion under the three power structures gradually changes to v3 > v] > v3. This
indicates that as the retailer’s awareness of CSR gradually increases, the growth rates of
product green degree and green promotion investment are greatest when the manufacturer
dominates the supply chain, followed by the retailer and the manufacturer co-dominating
the supply chain, and the smallest when the retailer dominates the supply chain. This also
further validates the conclusions of Corollary 3.

From Figure 2a—f, it can be seen that regardless of the power structure, the product
green degree, green promotion investment, manufacturer’s profit, and retailer’s profit all
increase as the manufacturer’s awareness of CSR gradually increases, while the retail price
and wholesale price both decrease. This further validates the conclusions of Corollary 5. In
addition, we can also clearly see from Figure 2a,d that with the continuous enhancement
of the manufacturer’s awareness of CSR, the relationship of product green degree under
the three power structures gradually changes from ¢3* > ¢7* > ¢1* to ¢3* > ¢3* > &7,
and the relationship of green promotion under the three power structures also gradually
changes from v3* > v3* > v]* to v3* > v3* > v]*. This indicates as the manufacturer’s
awareness of CSR gradually increases, the growth rates of product green degree and
green promotion investment are greatest when the retailer dominates the supply chain,
followed by the retailer and the manufacturer co-dominating the supply chain, and the
smallest when the manufacturer dominates the supply chain. This also further validates
the conclusions of Corollary 7.

From Figures 1le and 2e, it can be seen that the manufacturer’s profit is highest
when the manufacturer itself dominates the supply chain compared with the other two
power structures whether the manufacturer or the retailer takes CSR. Similarly, from
Figures 1f and 2f, it can be seen that the retailer’s profit is highest when the retailer itself
dominates the supply chain compared with the other two power structures whether the
manufacturer or the retailer takes CSR. This also shows once again that no matter which
party takes CSR, the profit of one party is maximized when it dominates the supply chain.

From Figure 3a,c, it can be seen that when the manufacturer dominates the supply
chain, the product green degree, the green promotion investment, the manufacturer’s
profit, and the retailer’s profit are higher, while the retail price is lower, when the retailer
takes CSR compared to when the manufacturer takes CSR.

Moreover, from Figure 4a,c—f, it can also be seen that when the retailer dominates the
supply chain, the product green degree, the green promotion investment, the manufac-
turer’s profit, and the retailer’s profit are all higher, while the retail price is lower, when
the manufacturer takes CSR compared to when the retailer takes CSR.

From Figures 3b and 4b, it can be seen that the wholesale price of green products
is higher when the retailer takes CSR compared to when the manufacturer takes CSR
regardless of the power structure.



Entropy 2021, 23, 564 15 of 22

w

60 -

50

(b)

160
150
140

2130
120

110

100

o) @

(0) (d)

12000 w w ‘ 8000

10000 7000

6000
8000

=7 5000+

6000

y 4000 -
4000 !
3000 -
4
2000 : : : : - . . .
0 0.2 0.4 ) 0.6 0.8 1 - 0 0.2 0.4 0.6 0.8 1
(] @

(e) (f)

Figure 1. The impact of the intensity of retailer’s awareness of CSR ¢ on equilibrium results under different power structures.
(a) The impact of ¢ on product green degree. (b) The impact of ¢ on wholesale price. (c) The impact of ¢ on retail price.
(d) The impact of ¢ on green promotion. (e) The impact of ¢ on the manufacturer’s profit. (f) The impact of ¢ on the
retailer’s profit.
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Figure 2. The impact of the intensity of manufacturer’s awareness of CSR ¢ on equilibrium results under different power

structures. (a) The impact of ¢ on product green degree. (b) The impact of ¢ on wholesale price. (c) The impact of ¢ on
retail price. (d) The impact of ¢ on green promotion. (e) The impact of ¢ on the manufacturer’s profit. (f) The impact of ¢
on the retailer’s profit.
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Figure 3. The impact of the intensity of the retailer’s and manufacturer’s awareness of CSR ¢ on equilibrium results

when the manufacturer dominates the supply chain. (a) The impact of ¢ on product green degree. (b) The impact of ¢ on
wholesale price. (c¢) The impact of ¢ on retail price. (d) The impact of ¢ on green promotion. (e) The impact of ¢ on the
manufacturer’s profit. (f) The impact of ¢ on the retailer’s profit.
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Figure 4. The impact of the intensity of the retailer’s and manufacturer’s awareness of CSR ¢ on equilibrium results when
the retailer dominates the supply chain. (a) The impact of ¢ on product green degree. (b) The impact of ¢ on wholesale
price. (c) The impact of ¢ on retail price. (d) The impact of ¢ on green promotion. (e) The impact of ¢ on the manufacturer’s
profit. (f) The impact of ¢ on the retailer’s profit.
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7. Conclusions
7.1. Main Conclusions

This paper established three joint green marketing decision models for green supply
chains under different power structures based on the cases of retailers or manufacturers
taking up CSR and focusing on consumer surplus, and explored, in turn, the influence of
different power structures on the optimal decisions of green supply chain members when
manufacturers or retailers take up corporate social responsibility alone. It also explored
the influence of the power structure when manufacturers or retailers take up CSR on the
optimal decision-making of green supply chain members under the same power structure,
and some meaningful conclusions were drawn through in-depth comparison and analysis.
Mainly, the following conclusions were obtained:

(1) The ranking of the advantages and disadvantages of the three different power struc-
tures differs depending on the degree of CSR undertaken by manufacturers or retailers,
which indicates that the ranking of the optimal equilibrium solutions under the three
different power structures differs as the degree of social responsibility undertaken
by enterprises increases. Regardless of the power structure, manufacturers and re-
tailers actively undertake CSR to improve the level of the greenness of products
and reduce the retail price of products, thus effectively promoting the increase of
demand for green products in the market and ultimately increasing the profit level of
manufacturers and retailers and the total profit level of the supply chain.

(2) Whether the manufacturer or the retailer bears CSR, the wholesale price of green
products is higher when the manufacturer dominates the market than when the
retailer dominates the market. This is because the manufacturer bears the R&D
investment in improving the greenness of green products, and in order to compensate
for the loss, the manufacturer sets a higher wholesale price to obtain as much revenue
as possible when it dominates the market. This is because the retailer is concerned
with consumer surplus and the manufacturer is not, so the manufacturer still raises
its marginal revenue by increasing the wholesale price of the product.

(3) For manufacturers or retailers, whether they undertake CSR or not, to further improve
their own profits, they should continuously improve their own strengths to achieve
their own dominant market situations as much as possible. In addition, when man-
ufacturers and retailers choose to undertake CSR, they should continue to increase
their CSR commitment within their own capabilities because the more they undertake
CSR, the better it will be for them and the more profits they will make. For consumers,
it is advantageous for manufacturers or retailers in the green supply chain to take
on CSR regardless of the power structure, because as manufacturers and retailers
take on more CSR, the greenness of green products will increase while the retail price
will decrease.

Based on the above conclusions, the following management insights can be obtained:

For manufacturers or retailers in the green supply chain, whether they undertake CSR or
not, they should continuously improve their strengths and achieve their dominant positions as
much as possible to further increase their profits. From the perspective of self-interest, when
the manufacturer dominates the market, the manufacturer should encourage the retailer to take
CSR. Similarly, when the retailer dominates the supply chain, the retailer should encourage
the manufacturer to take CSR. When the retailer and the manufacturer jointly dominate the
supply chain, both parties should choose to let the other party take CSR.

Both manufacturers and retailers in the green supply chain should actively undertake
CSR within their own capacity because undertaking CSR is conducive to improving their
own profits, to improving each other’s profits, and the profits of the whole supply chain, to
providing higher green products to the market, and to increasing consumer surplus, thus
further enhancing the overall competitive advantage of the green supply chain. Manufac-
turers and retailers should take CSR appropriately according to their own situations and
determine the appropriate socially responsible investment according to their positions in
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the green supply chain. In addition, both parties should share the costs of CSR within their
respective capabilities in order to share the benefits of CSR.

7.2. Research Limitations

Undeniably, there are still some shortcomings in this study that need to be explored
in future research. On the one hand, this paper considered a linear demand function and
did not consider the character of the existence of randomness in market demand. On the
other hand, this paper only considered a secondary green supply chain consisting of a
manufacturer and a retailer and did not consider the situation where the members of the
green supply chain take on CSR in a complex market environment, and these issues deserve
further research. In addition, since one of the purposes of this paper was to compare the
impact of CSR undertaken by different members of the green supply chain, in order to
avoid the coefficients of CSR undertaken by both parties appearing simultaneously in
the relevant model, the case of CSR undertaken by both parties at the same time was not
considered in this paper. Related issues need to be investigated in further research.
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Appendix A

Since the proof processes when the manufacturer dominates the market and when
the retailer and the manufacturer jointly dominate the market are similar to that when the
retailer dominates the market, and only the case when the retailer dominates the market is
proved here. Separate partial derivatives of ¢ yield.

& _ ab’k,z 50 wy ab?®z? ~0
99 [bz(4— @) — (220 +K22)]> 99 [bz(4— g) — (2K2b+K32)]
v _ abkyz? >0 Ty _ a*b3z2(2z — k3) =0
99 [bz(4—9) — 2R2b+122)] 99 [bz(4—¢)— (2K2b+K2)]>
Ty 2a%b%7% 0 e, _ a*b?z?(8bz — 4bk3 — bzg — k3z)
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5 = 5 S 2 < 0, End of proof.
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Appendix B

Since the proof processes of retail price, green degree, and green marketing are similar
to the proof process of wholesale price, only wholesale price is proved here.

The numerator of both is the same, both are w3, w3, and the denominator is
[bz(4 — @) — (2k3b + k3z)] — [bz(3 — @) — (K3b + k3z)] = b(z —k3) > 0, So wy, < wy,
is proven.

az[bzg? + (2bk? + 2bk3z — 4b%z) @ + 20k2k3 + kiz — 3b%k3 — 4bk3z + 4b°z]

w1 = 2b2(2 — ) — (K2b + 2K32) | [bz(4 — @) — (2k2b + K22)] '

let bzg? + (2bk3 + 2bk3z — 4b°z) @ + 2bk3k3 + k3z — 3b%k3 — 4bk3z + 4b°z = 0,
Since k% —z < 0, so the equation has no solution, w] > wj.

az(b—bp—k3)(2bz—bz—bk? —k3z)
[2bz(2— @) — (k2b+2k32)] [bz(3— @) — (k3b+K32)]
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k2b+k2
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Appendix C

Since the proof processes when the manufacturer dominates the market and when
the retailer and the manufacturer jointly dominate the market are similar to that when
the retailer dominates the market, only the case when the retailer dominates the market is
proved here. The partial derivative of ¢ is obtained separately.

& 2ab%k,z vy 2abk,z?

= 5 >0, 2 = 5 >0
09 [2b2(2 — @) — (2k2b + k22)] 09 [2b2(2 — ¢) — (2k3b + K3z)]

Thy _ 02022 (4bz — 2bzg — 263 + K32) Ty 4021222 -0

99 2[2z(2—9) — 2R +132)]° T 9P [4bz(2 — ) — 2(2k3b + K3z)]”

TSC, _ a*b?z%(12bz — 6bk3 — 6bzg — k3z) w3* _ —abz(2bz — 2bk? — k3z) <0

99 2[2b2(2— ¢) — (2K2b +K22)]° 99 [2bz(2— @) — (2K3b +K2z)]’
py*  —2abz(bz — bk} —k3z)

= 5> < 0, End of proof.
909 [2bz(2 — ¢) — (2k3b + K3z)]
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